Mutation of the transcription factor and tumor suppressor gene WT1 results in a range of genitourinary anomalies in humans, including 46,XY gonadal dysgenesis, indicating that WT1 plays a critical role in sex determination. However, because knockout of Wt1 in mice results in apoptosis of the genital ridge, it is unknown whether WT1 is required for testis development after the initial steps of sex determination. To address this question, we generated a mouse strain carrying a Wt1 conditional knockout allele and ablated Wt1 function specifically in Sertoli cells by embryonic day 14.5, several days after testis determination. Wt1 knockout resulted in disruption of developing seminiferous tubules and subsequent progressive loss of Sertoli cells and germ cells such that postnatal mutant testes were almost completely devoid of these cell types and were severely hypoplastic. Thus, Wt1 is essential for the maintenance of Sertoli cells and seminiferous tubules in the developing testes. Of particular note, expression of the testisdetermining gene Sox9 in mutant Sertoli cells was turned off at embryonic day 14.5 after Wt1 ablation, suggesting that WT1 regulates Sox9, either directly or indirectly, after Sry expression ceases. Our data, along with previous work demonstrating the role of Wt1 at early stages of gonadal development, thus indicate that Wt1 is essential at multiple steps in testicular development.
Mutation of the transcription factor and tumor suppressor gene WT1 results in a range of genitourinary anomalies in humans, including 46,XY gonadal dysgenesis, indicating that WT1 plays a critical role in sex determination. However, because knockout of Wt1 in mice results in apoptosis of the genital ridge, it is unknown whether WT1 is required for testis development after the initial steps of sex determination. To address this question, we generated a mouse strain carrying a Wt1 conditional knockout allele and ablated Wt1 function specifically in Sertoli cells by embryonic day 14.5, several days after testis determination. Wt1 knockout resulted in disruption of developing seminiferous tubules and subsequent progressive loss of Sertoli cells and germ cells such that postnatal mutant testes were almost completely devoid of these cell types and were severely hypoplastic. Thus, Wt1 is essential for the maintenance of Sertoli cells and seminiferous tubules in the developing testes. Of particular note, expression of the testisdetermining gene Sox9 in mutant Sertoli cells was turned off at embryonic day 14.5 after Wt1 ablation, suggesting that WT1 regulates Sox9, either directly or indirectly, after Sry expression ceases. Our data, along with previous work demonstrating the role of Wt1 at early stages of gonadal development, thus indicate that Wt1 is essential at multiple steps in testicular development.
Sertoli cell ͉ testicular cord ͉ Mü llerian duct ͉ Amh ͉ Sox8 M ammalian testis determination is initiated by the expression of SRY. This Y-linked gene encodes a DNA-binding protein that is thought to up-regulate genes critical for the commitment of somatic cells of the genital ridge to become Sertoli cells. The direct targets of SRY remain elusive, although both in vivo and in vitro data suggest that one may be Sox9 (1) (2) (3) , which itself plays a critical role in testis determination (4) (5) (6) (7) (8) (9) . Similarly, an important role for WT1 in genital tract development was recognized based on the observation of sex reversal or genital tract anomalies in XY patients with heterozygous germ-line WT1 mutations ʈ (10) ranging from entire gene deletions to missense mutations. Variable expressivity, even among patients with a similar type of mutation, has been observed (11) , suggesting a model whereby a critical threshold level of wild-type WT1 protein is required for normal testis determination and development, and stochastic variability in protein expression results in phenotypic variability.
In mice, Wt1 is required for the survival and proliferation of cells in the genital ridge. Although present at embryonic day (E) 10.5, the genital ridge fails to thicken in Wt1 Ϫ/Ϫ animals, and no gonads are detectable by E14 (12) . Commitment of the murine XY gonad to a testicular phenotype is first detectable at E12.5. Because of the complete gonadal agenesis exhibited by Wt1 Ϫ/Ϫ mice and the observation of no testicular anomalies in Wt1 ϩ/Ϫ mice (12), assessing the role of Wt1 in testis determination and subsequent development has been difficult. To date, in vivo assessment of this role has come primarily from studies of mice expressing only one of the two Wt1 ''kts'' isoforms (13) . These studies indicated that Wt1 plays a role in testis determination, perhaps by up-regulating Sry, but a further role for Wt1 in testicular development independent of Sry could not be assessed by this model. Consistent with the previous observation of apoptosis of the genital ridge in Wt1 Ϫ/Ϫ animals, hypoplastic testes with dysgenic tubules containing no Wt1 Ϫ/Ϫ Sertoli cells are observed in Ϸ40% of highly chimeric Wt1 Ϫ/Ϫ 7 XY adult males (14) .
The continued expression of Wt1 in the mature testes suggests a role for Wt1 at later stages of testicular development, as have in vitro studies implicating Wt1 in the up-regulation of anti-Müllerian hormone, Amh, (also known as Müllerian inhibiting substance, Mis) in the differentiated testes (15) . However, in vivo assessment of the possible role of Wt1 in the XY gonad after testis determination has been problematic because of apoptosis of the Wt1 Ϫ/Ϫ genital ridge. To circumvent this problem, we generated a mouse strain (Wt1 flox ) carrying a Wt1 conditional knockout allele. Crossing it with the Wt1 Ϫ strain (12) and the AMH-Cre transgenic strain, which expresses Cre in Sertoli cells soon after testis commitment (16), we generated Wt1 Ϫ/flox ; AMH-Cre males in which we could ablate Wt1 function in Sertoli cells and determine its role in the committed testes.
Results

Generation of Wt1
Conditional Knockout (Wt1 flox ) Mouse Strain. By homologous recombination a Wt1 allele in which exons 8 and 9 are flanked by loxP sites (Fig. 1 A-D) was introduced into the mouse germ line. These two exons encode the second and third of the four DNA-binding zinc-finger domains of Wt1. Missense and truncating mutations in exons 8 and 9 are observed in patients, and the critical functional importance of the two domains is further underscored by in vitro studies (15, 17, 18) . Expression of Cre recombinase results in the in-frame deletion of exons 8 and 9 ( Fig. 1E) Fig. 2A) . This finding is consistent with the spatio-temporal expression pattern previously reported for the AMH-Cre strain (16) ; expression of the human AMH promoter-driven transgene occurs 1-2 days later than the endogenous Amh gene. Cre-mediated excision of Wt1 exons 8 and 9 was detectable at E14.5 in testes, but not at E13.5 ( Fig.  2B) , consistent with the Cre expression pattern.
Viability and Gross Morphology of Wt1
؊/flox ; AMH-Cre Males. Wt1 Ϫ/flox ; AMH-Cre animals were fully viable. No gross abnormalities of external genitalia were observed in 7-week-old Wt1 Ϫ/flox ; AMH-Cre males (Fig. 3Aa ), but testes size was only Ϸ10% of that of control littermates (Fig. 3Ab) . The rest of the reproductive tract was also hypoplastic in the mutants (Fig. 3 Ac and Ad). Surprisingly, upon gross examination of Wt1
; AMH-Cre males, they were found to have a uterus in addition to a vas deferens, epididymis, and seminal vesicles (Fig. 3Ad) . Histologic analysis of the proximal portion of the reproductive tract from mutant males revealed structures with the coiled morphology and folded epithelium characteristic of oviduct (Fig. 7 , which is published as supporting information on the PNAS web site). Thus, the normal regression of the Müllerian duct system was deficient in the Wt1 Ϫ/flox ; AMH-Cre males, whereas Wolffian duct differentiation was largely normal.
Aberrant Histology of Wt1 ؊/flox ; AMH-Cre Testes. Histologically, Wt1 Ϫ/flox ; AMH-Cre testes from 7-week-old animals bore no resemblance to age-matched control testes. Mutant testes completely lacked the normal tubular architecture observed in control testes ( Fig. 3 Ba and Bb) and consisted primarily of sheets of eosinophilic cells ( Fig. 3 Bd and Be) which, by IHC analysis with anti-3␤-HSD, were identified as Leydig cells (Fig. 3Bf ) . Normally, these cells are present in small numbers in the testicular interstitium (Fig. 3 Bc), but, in the Wt1 Ϫ/flox ; AMH-Cre testes, in the absence of tubules, they were observed in dense clusters interspersed with regions of fibroblast-like cells. Thus, Cre-mediated deletion of Wt1 at E14.5 in Sertoli cells had a profound effect on testis development, resulting in testes greatly reduced in size and composed almost entirely of cells normally found in the interstitium between tubules. Given the dramatically aberrant testicular histology we observed, Wt1 Ϫ/flox ; AMH-Cre animals are predicted to be infertile, although this has not rigorously been assessed.
Wt1 Deletion in Sertoli Cells Results in Testicular Cord Disruption.
To determine the time course of this aberrant development, we assessed testes from Wt1 Ϫ/flox ; AMH-Cre males between E13.5 and postnatal day 7 (P7), examining tissues from three to six animals at each time point. There was a high degree of concordance with respect to histology between mutant animals at the same age, and representative sections are presented. For controls, we assessed Wt1 Ϫ/flox and Wt1 ϩ/flox ; AMH-Cre and Wt1 ϩ/ϩ littermates at each time point. No difference was observed between these three control groups, and the control data presented are from mice of any of these three genotypes.
No aberrant pathology was discernable in any of the four Wt1 Ϫ/flox ; AMH-Cre animals at E13.5. Nascent development of sex cords could be seen at low magnification (arrowheads, Fig. 4d) , and, at higher magnification, well organized tubule structures (Fig. 4e ) were clearly present in Wt1 Ϫ/flox ; AMH-Cre testes. The polyclonal WT1 antibody, sc-192, is a WT1-specific rabbit antibody raised against a peptide corresponding to the 9 aa at the carboxyl terminus of WT1 (19) . Therefore, it recognizes the mutant protein encoded by the Wt1 ⌬ in-frame deletion, enabling us to employ this widely used marker of Sertoli cells to assess Sertoli cell location, number, and morphology in the Wt1 Ϫ/flox ; AMH-Cre testes. By IHC analyses, the location and morphology of Sertoli cells in Wt1 Ϫ/flox ; AMH-Cre testes (Fig. 4f ) at E13.5 appeared normal (Fig. 4c) , consistent with the lack of Cre-recombinase expression at this time point (Fig. 2 A) . At E14.5, when Cre-recombinase was expressed (Fig. 2 A) , Wt1 Ϫ/flox ; AMH-Cre testes appeared normal in all five embryos examined. Developing tubules were observed (arrowheads, Fig. 4j) , and there was no salient alteration in architecture of the testes (Fig.  4 g and j) , although Sertoli cell nuclei in mutant testes were less rounded than those in control testes (Fig. 4 i and l) .
From E15.5 to P7, control testes exhibited progressive tubule development and organization with Leydig cells (lc) located between tubules (Fig. 5 a-d) . Over the same time period, Wt1 Ϫ/flox ; AMH-Cre testes increasingly lost normal tubular architecture ( Fig.  5 i and j) . At E15.5, only a few tubule-like structures were observed at low magnification in Wt1 Ϫ/flox ; AMH-Cre testes (asterisks, Fig. 5i ). Most of the testes consisted of disorganized germ cells (gc) and Leydig cells (lc), which could be identified histologically (Fig. 5k) . Apparent remnants of tubules consisted primarily of germ cells with few identifiable Sertoli cells (Fig. 5l) . To identify positively Sertoli cells and germ cells, anti-WT1 and anti-GCNA-1 (germ cell nuclear antigen 1) antibodies (19, 20) were used for IHC. In control testes, GCNA-1-positive germ cells were localized in the center of tubules (Fig. 5f ), surrounded by well organized WT1-positive Sertoli cells (Fig. 5e) . However, in mutant testes, most of the Sertoli cells (Fig.  5o ) and germ cells (Fig. 5s) were scattered and outside of any discernible tubular structure.
At P7, mutant testes consisted largely of fibroblast-like stromal cells and clusters of eosinophilic Leydig cells (Fig. 5 j and m) , with only a few aberrant tubule-like structures present (asterisks, Fig. 5  j and n) . No WT1-positive Sertoli cells were observed except in rare tubule remnants (Fig. 5 q and r) . These data suggest that, after tubule disruption, mutant Sertoli cells eventually died or dedifferentiated into other cell types. Similarly, the few germ cells remaining were primarily in tubule remnants (Fig. 5 u and v) .
Wt1 Ablation Results in Loss of SOX8, SOX9, and AMH Expression in
Sertoli Cells. Because the Sox8, Sox9, and Amh genes are expressed in Sertoli cells, we examined how their expression was affected by Wt1 inactivation. SOX9 and SOX8 proteins were detected in the Sertoli cells of both mutant and control testes at E13.5, and no difference was observed between three mutant males and three control animals assessed by IHC (Fig. 6 a and b; d and e) . Unexpectedly, unlike the robust expression in control testes, SOX9 and SOX8 expression was virtually absent in Wt1 Ϫ/flox ; AMH-Cre testes at E14.5 ( Fig. 6 j and k) , even though Sertoli cells could be identified in mutant testes both morphologically (arrows, Fig. 6 j and k) and by WT1 IHC (Fig. 4l) . This result was consistently observed in the three mutant males assessed by IHC. These data demonstrate that SOX8 and SOX9 expression was down-regulated in mutant Sertoli cells and suggest that WT1 is required for the continued expression of these genes. As expected, given the reported role of both SOX9 and WT1 in regulating Amh transcription (21, 22) , AMH expression, normal at E13.5, was also absent in mutant testes by E14.5 (Fig. 6l) .
Discussion
Because Wt1 is required for survival of the genital ridge, in vivo examination of its potential role at later stages of gonad development has been problematic. With the ability to somatically ablate Wt1 using our newly generated Wt1 flox strain, we have now been able to assess the role of Wt1 after commitment of the indifferent gonad. The current study now provides conclusive in vivo evidence that Wt1 is essential, even after testis determination, for normal testis structure and function.
Wt1 Is Required for Maintenance of Testicular Architecture. Although mutant and control testes were indistinguishable morphologically at E13.5 before expression of the AMH-Cre transgene, after Wt1 ablation, a dramatic and progressive loss of seminiferous tubular architecture and Sertoli cells and germ cells was observed beginning at E15.5. By P7, mutant testes were composed of Leydig cells and fibroblast-like cells, with only the occasional aberrant tubule remnant containing a few GCNA1-and WT1-positive cells. We speculate that these rare aberrant tubules are those in which Cre-mediated Wt1 inactivation did not occur in a large enough proportion of Sertoli cells within a tubule to trigger its complete disruption.
Given our observation that initially well organized tubules in mutant testes progressively lose their normal structure after Cremediated Wt1 ablation, we speculate that at least one result of Wt1 mutation is the dysregulation of genes that are critical for normal Sertoli cell-cell contacts, for Sertoli cell-basal lamina contacts, or for normal composition of the basal lamina, the components of which are synthesized by both Sertoli cells and the peritubular myoid cells (reviewed in ref. 23 ). Altered expression of these genes could be either a direct or indirect effect of losing the transcriptional regulatory function of WT1. Alternatively, the gene expression dysregulation resulting from Wt1 mutation may have set into motion a cellular response that secondarily affected the ability of Sertoli cells to maintain appropriate cell-cell and cell-matrix contacts.
We detected no increased apoptosis in mutant Sertoli cells (data not shown), suggesting that tubule disruption is not a result of Sertoli programmed cell death. We did, however, observe a dramatic decline in the number of Sertoli cells positive for the mitotic cell marker H3P beginning at E14.5 until, by E18.5, no H3P-positive Sertoli cells were observed (Fig. 8 , which is published as supporting information on the PNAS web site). This cessation of Sertoli cell proliferation may be a result of altered cellular gene expression because of Wt1 ablation or secondarily triggered by the loss of normal cellular milieu because of tubule disaggregation. Given the known importance of cell-cell and cell-matrix interactions for Sertoli cell function, we favor this latter scenario but cannot exclude the former.
Loss of Germ Cells After Tubule Disruption in Mutant Testes.
GCNA1 is a germ cell-specific marker (20) . We observed no salient differ- ence in the number of GCNA1-positive cells in mutant and control testes at E15.5, but, as tubule structure disintegrated, there was a progressive loss of germ cells. This loss paralleled the loss of identifiable Sertoli cells and is consistent with the known interdependence of Sertoli cells and germ cells. Wt1 expression has been reported in E12 primordial germ cells (14) . However, two lines of evidence suggest that it is unlikely that this expression played a role in the loss of germ cells in the Wt1 Ϫ/flox ; AMH-Cre testis. First, by IHC, we did not observe WT1-positive germ cells at E13.5 or later. Second, given the Sertoli cell-specific expression of Cre, we would not expect Wt1 ablation in germ cells; they would not be expected to display a phenotype. Therefore, we conclude that the loss of germ cells in mutant testes is secondary to Sertoli cell loss and͞or the loss of tubular architecture. (25) . Therefore, our observations of continued proliferation of Leydig cells in the mutant testes and of serum testosterone levels within normal ranges in mutant animals (data not presented) were unexpected because they indicated that Leydig cells in the mutant testes were viable and functional even in the absence of Sertoli cells. These data suggest that Leydig cells at later stages of testes development (e.g., approximately E14.5 and onward) do not require Sertoli cells for proliferation and synthesis of testosterone. Thus, unlike Sertoli cells and germ cells, which in the absence of seminiferous tubules and appropriate cell-cell interactions are unable to survive, Leydig cells, in their normal extratubular location, can survive and function.
Loss of SOX9 Expression in Wt1 ؊/flox ; AMH-Cre testes. Unexpectedly, expression of SOX9 protein in the mutant testes was virtually silenced at E14.5 even though Sertoli cells were clearly present in morphologically intact tubules. Sox9 is normally expressed at low levels in the genital ridge of both XX and XY animals, and its expression is up-regulated in the male gonad at approximately E11.0, soon after Sry expression is detectable (2) . Sry is downregulated at approximately E12.5, but Sox9 expression continues in the Sertoli cells of the committed testis (1, 2, 26 ). These data suggest that Sox9 is up-regulated, directly or indirectly, by SRY, but that its continued expression is independent of SRY.
Gonads from mice expressing only the ''Ϫkts'' isoform of Wt1 display reduced Sry expression and complete sex reversal, suggesting that WT1 activates Sry (14) . The loss of SOX9 expression in Wt1 Ϫ/flox ; AMH-Cre testes, however, occurred approximately 2 days after Sry is normally down-regulated. Thus, we conclude that the lack of SOX9 expression at E14.5 is independent of WT1's putative function in up-regulating Sry and that WT1 is required for the continued expression of Sox9 in the committed testis. The identification of an evolutionarily conserved region 5Ј of Sox9 that contains a putative WT1-binding site supports the notion that WT1 is directly involved in the regulation of Sox9 expression (27) , but future studies will be required to demonstrate a direct role of WT1 in Sox9 regulation. Regardless of whether it is a direct or indirect effect, our data provide an indication that WT1 is required for the continued expression of Sox9.
Loss of AMH Expression and Development of Mü llerian Ducts in
Mutant Males. Müllerian duct regression in XY animals is initiated by AMH and proceeds in a cranial to caudal manner. The Amh gene is normally expressed beginning at approximately E11.5 in the mouse (28) , but the Müllerian duct is sensitive to its effects only during a narrow window of development (E13.5-E14.5) during which apoptosis of the ductal epithelium, morphologic changes in periductal mesenchyme, and sexually dimorphic expression of Lhx1, a gene required for Müllerian duct differentiation, begin to be observed (29) (30) (31) . Although normal at E13.5, Sertoli cell expression of AMH expression in mutant males was negligible at E14.5. The presence of uteri and, more proximally, coiled structures with morphological and histological features of oviducts in mutant males indicates a failure of both cranial (oviducts) and more caudal (uterus) regression of the Müllerian duct. These data suggest that the window of time during which AMH can effect Müllerian duct regression is narrower than previously thought.
In vitro and in vivo studies have identified a functional SOX9-binding site in the proximal promoter of Amh that is required for Amh expression. Steroidogenic factor 1 (NR5A1, also known as SF1) is thought to enhance this interaction, and NR5A1͞SF1 functional binding sites have been identified within the Amh promoter (22, 32, 33) . In vitro studies have suggested that WT1 synergizes with NR5A1͞SF1 to activate the Amh promoter, but the mechanism for this activation is not clear. WT1 has also been reported to positively regulate the Nr5a1͞Sf1 gene (34), but NR5A1͞SF1 expression was not noticeably reduced in the three mutant E15.5 testes we assessed by IHC (Fig. 9 , which is published as supporting information on the PNAS web site), suggesting that WT1 is not critical for NR5A1͞SF1 expression in Sertoli cells at this stage of development. Interestingly, missense mutations in Wt1 exon 9, one of the exons deleted from the Wt1 ⌬ allele, abolish the ability of WT1 to activate Amh expression (15) . Therefore, the lack of AMH expression we observed in mutant testes may be due to loss of SOX9 expression, loss of WT1 function, or both.
Somatic Mutation of Wt1 in the Committed Testis Results in a More
Severe Phenotype than Somatic Mutation of Sox9. Our data suggest a model whereby Wt1 ablation between E13.5 and E14.5 results in the loss of SOX9 expression, which in turn results in loss of AMH expression and lack of Müllerian duct regression. However, interestingly, the phenotype of Wt1 Ϫ/flox ; AMH-Cre males was considerably more profoundly aberrant than that observed in Sox9 flox/flox ; Sf1-Cre males in which Sox9 itself was ablated in the male gonad (7), suggesting that WT1 has an additional critical function(s) in maintaining normal testicular structure͞function that is independent of its role in Sox9 regulation.
Another Sox Group E member, SOX8, is expressed in testes and has also been implicated in the regulation of Amh (35, 36), and analyses of single and compound Sox8 and Sox9 mutant mice have suggested a coordinated expression and possible functional redundancy of SOX8 and SOX9 in the early XY gonad (7). We observed extinguished SOX8 expression at E14.5 in mutant testes, but whether this was due to loss of SOX9 expression or a direct or indirect result of Wt1 mutation is not known. The Wt1 Ϫ/flox ; AMH-Cre testes phenotype was considerably more pronounced and penetrant than that of Sox9 flox/flox ; Sox8 Ϫ/ϩ ; Sf1-Cre males in which testes were observed, further suggesting that Wt1 has a critical role in maintaining testes structure and function independent of Sox9 and Sox8. Analysis of Sox9 flox/flox ; Sox8 Ϫ/ϩ males carrying the same robustly expressing AMH-Cre transgene as used in the studies presented here will be required to address this further.
In summary, our work expands the role of Wt1 in testicular development and demonstrates that WT1 is required for SOX9 expression in the testis, independently of SRY, and also that it is essential for the maintenance of Sertoli cells and seminiferous tubules in the developing testis. Thus, WT1 plays essential roles at multiple steps in testis development in the mouse and, likely, given its high degree of sequence conservation (37) , in a wide range of vertebrates.
Materials and Methods
Generation of a Wt1 Conditional Knockout Mouse Strain. All animal work was carried out in accordance with institutional animal care and use committee (IACUC) regulations. A targeting vector in which Wt1 exons 8 and 9 were flanked by a loxP site and a loxP-neo-loxP cassette (Fig. 1 A) was constructed and introduced into mouse embryonic stem cells (AB1, 129͞SvEv) by electroporation. Resultant G418-resistant clones were genotyped by Southern blotting; introduction of the targeting construct into the Wt1 locus by means of homologous recombination resulted in the generation of a 7.14-kb EcoRV fragment (Fig. 1B) detected with the 5Ј probe indicated in Fig. 1 A. Exons 7, 8, 9 , and 10 and flanking intronic sequence were amplified from several clones, and PCR products were sequenced to confirm that intact loxP sites had been introduced into the locus and that no other sequence alterations had occurred. Clones were then injected into C57BL͞6 (B6) blastocysts. Resultant male chimeras were identified by coat color and mated with wild-type females. Tail biopsies of agouti-pigmented F 1 animals were genotyped by using a primer set specific to the neo cassette. Animals carrying the flox-neo allele were then mated with CMV-Cre animals (22) . Progeny in which the neo cassette had been excised by means of Cre-mediated recombination were identified by using primers (1.75 and 1.55) flanking the 3Ј loxP site (Fig. 1 A) . Genotyping. DNA isolated from tail biopsies (postnatal) or from limbs (embryos) was used for genotyping. The presence of the Wt1 f lox allele was determined by PCR amplification using the loxpF͞loxpR (Fig. 1C ) and 1.75͞1.55 (Fig. 1D ) primer sets. The recombined Wt1 flox allele (Wt1 ⌬ ) was detected by PCR amplification using the ckodelF and 1.55 primers (Fig. 1E) . Genotyping for the Wt1-null allele and the AMH-Cre transgene was carried out as described (12, 16) .
Generation of Wt1
Tissue Collection and Histologic Analysis. Testes and reproductive tracts were dissected immediately after euthanasia. Testes were dissected from four mutant male embryos at E13.5, five at E14.5, five at E15.5, and six at E16.5. Tissues were collected from three mutant males at each E17.5, E18.5, and P7 time point and from five 7-week-old mutant males. Tissues from three to four control littermates were also collected at each time point. Tissues were fixed in 4% paraformaldehyde for up to 24 h, stored in 70% ethanol, and embedded in paraffin. Four-micrometer-thick sections were cut and mounted on glass slides. After deparaffinization, slides were stained with H&E for histologic analyses. Slides were examined from all mutant embryos͞animals collected.
Immunohistochemical Analysis. IHC analysis of tissues from at least three mutant males at each time point was performed by using a Vectastain ABC (avidin-biotin-peroxidase) kit (Vector Laboratories, Burlingame, CA) as recommended. Antibodies to WT1 (sc-192) and AMH (sc-6886) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-SOX9 antibody (AB5535) was purchased from Chemicon (Temecula, CA), and antibody to CRE (69050) was obtained from Novagen (La Jolla, CA). The anti-PCNA-1 antibody was generously given to us by G. Enders (University of Kansas Medical Center, Kansas City, KS) (20) ; the anti-3␤-HSD antibody was a kind gift from C. Richard Parker (University of Alabama at Birmingham) (38) , and the anti-SOX8 antibody was generously provided by M. Wegner (University of Erlangen, Erlangen, Germany) (39) . The IHC procedure was as described (40) . Stained slides were examined with a Leica DMR Epifluorescence Microscope, and images were captured by a Hamamatsu CCD camera. 
